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(57) Abstract 

The invention relates to an arrangement for effecting detonation of a mass of explosives material comprising, an electrical 
supply source (I \\ conductor means (12) for conducting electrical signals from said supply source to a detonator (15) and a pro- 
grammable electronic device (13) in the electrical path between said electrical supply source (1 1) *nd said detonator. The pro- 
grammable electronic device (13) is adapted to receive and to store a programme relating to the desired detonation of the explo- 
sive mass and die arrangement includes means for applying a signal to the electronic device (13) to initiate the desired stored 
programme. In one described embodiment the electronic device (13) includes means (13e) for testing the electrical circuit from the 
device (13) to the detonator (IS) and for transmitting information relating to the programme and said electrical circuit to a signal 
receiving device via the said conductor means (12). 



1 



"ARRANG0ISST FOR EFFECTING DETONATION OF EXPLOSIVE MATERIALS" 



This Invention relates to arrangements for detonating 
explosive materials and has particular application to 
arrangements for effecting detonation of two or more separated 
masses of explosive materials in accordance with a 
predetermined programme. 

The present invention seeks to provide a safer and 
more controllable arrangement for detonating explosive masses 
than those arrangements practised in the prior art. 

According to the present invention there is provided 
an arrangement for effecting detonation of a mass of explosives 
material comprising an electrical supply source and conductor 
means for conducting electrical signals from said supply source 
to a detonator, characterised by a programmable electronic 
device in the electrical path between said electrical supply 
source and said detonator, said programmable electronic device 
being adapted to receive and to store a programme relating to 



the desired detonation of the explosive mass, and means for 
applying a signal to the electronic device to initiate the 
desired stored programme. 

Arrangements for effecting detonation of two or more 
separated masses of explosive materials are well known in the 
art and the separated masses of explosive materials are 
generally detonated in accordance with a predetermined delay 
programme, so that the said masses are detonated in a given 
order. Thus, for many demolition and quarry projects using 
explosive materials, it is often essential that the explosive 
masses be detonated in a precise order to achieve a desired 
effect, with a delay between successive explosions to obtain 
improved fragmentation of the ground base and to avoid 
excessive ground vibrations. 

In the known arrangements for detonating two or more 
masses of explosives material it is a practise to run 
electrical power cables, hereinafter referred to as conductor 
means, from an electrical supply source to pass adjacent to 
each of the explosive masses to be detonated and to 
electrically connect each detonator for each explosive mass to 
the said conductor means, whereupon a w fir6 w signal applied to 
the conductor means by said power source is extended to each 
and every detonator in the arrangement. 

The common detonator used for general demolition and 
quarry projects are so called "azide" detonators and each of 
the detonator arrangements will include a pyrotechnic delay 
element, which is fired by the "fire* signal applied to the 
conductor means and arranged to burn for a predetermined time 
before initiating detonation of its respective detonator to 
effect detonation of the associated explosive mass. The 
pyrotechnic devices used as delay elements are relatively 
difficult to set accurately for a specific time delay and to 
overcome this problem, and obtain a definite time period 
between successive explosions, it is necessary to have 
relatively long time periods between the firing of successive 
masses of explosives material whereupon, in an arrangement 



M . Urge »**er of masses of erosive »a«xial^ ta 
detoneted, the time period to effect detonation of ell the 
explosive meases can be substantial. 

A further problem with arrangements requiring a 
pWity of explosive ma»ee to be detonated in succession 
rith ttae delays therebetween arises from the resonance 
frequency of the mterisl surrounding the explosive masses, 
audW. in the case of e stone quarry will be the resonance 
fluency of the stone, thus, when one explosive mess detonates 
^surrounding stone will resonate and if a secorf detonaUon 
occurs at the wrong tine in the ground vibration frequency the 
amplitude of the vibretions can be increased to such e degree 
„ to cause cracks to open to a bore hole to be detonated end 
thereby adversely affect the efficacy of the detonetio. . i, > the 
cracked bore hole. To avoid the problems of ground vibrations 
the practice is to further delay •. interval between 
excessive detonations to allow the ground resonance to 
eiasipate hut, with the inaccurecies of conventional 
pyrotechnic delay elements, this problem is still often met in 

practice* , , 

The present invention further seeks to provide an 

arrangement for effecting detonation of two separate masses of 
explosive meterisl with a delay therebetween which can be 

accurately determined. 

According to this aspect of the invention there is 
p^rfoed en errangement comprising e detonator ^*"V» 
L, explosive mass, an electrical signel supply source 
gauged to trensmit electrical signals to a eonducto. : means 
c^Tto all said detonators, an electrical peth individual to 
esch detonator e*e»ling to said co-on conductor mmmmt a 
progrsanable electronic device between each detonator e^said 
^TcLuctor means, end wherein each said progr-anable 
atonic device is arranged to receive end to store e 
program relating to the desired detonation of the explosive 
LfeTociated there**, end mean, are provided for applying 
a signal to the co^n conductor me** to initiate the desired 



stored progranmes of the electronic devices. 

In one embodiment the, or each, programmable 
electronic device is arranged to have a desired programme 
applied thereto before the device is inserted into the 
arrangement. 

Preferably the, or each, programmable electronic 
device is arranged to receive and store programme information 
after being inserted into the arrangement. 

Preferably the, or each, programmable electronic 
device is arrange to be programmed via electrical signals 
applied to the said common conductor means by said electrical 
supply source. 

In a preferred embodiment the, or each, electronic 
device is arranged to receive and and store an identification 
code individual thereto. 

In one preferred embodiment the, or each, electronic 
device includes means for transmitting signals to a signal 
receiving apparatus via said conductor means. 

Preferably the, or each, electronic device is arranged 
to transmit Information stored therein to said signal receiving 
apparatus on receipt of a command signal from said electrical 
supply source and said signal receiving apparatus is adapted to 
compare the information received from the electronic device 
with a desired predetermined programme stored by said signal 
receiving apparatus and individual to the transmitting 
electronic device. 

In a preferred embodiment the, or each, electronic 
device includes means for testing the electrical circuit 
downstream from said electronic device and, on receipt of a 
command signal from said electrical supply source, to transmit 
data relating to the said electrical circuit to said signal 
receiving apparatus. 
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Preferably the said signal receiving apparatus 
includes alarm means arranged to be activated when the 
information relating to an electrical circuit between an 
electronic device and its associated detonator is indicative of 
a fault in said circuit. 

In one embodiment the, or each, said electronic device 
has an identification code applied thereto before the device is 
inserted into the circuit, each device when inserted into the 
circuit iB arranged to receive and store information relating 
to the detonation of the explosive mass associated therewith 
only when said information Is preceded by the identification 
code for that device, and all the electronic devices are 
arranged to initiate their respective programmes when a "fire" 
signal is applied by said electrical supply- source to said 
common conductor means. 

In one embodiment the "fire" signal applied to said 
common conductor means is arranged to override or by-pass the 
identification code for each electronic device whereupon, on 
transmission of the fire command signal, the programmes for 
the, or all, the electronic devices are activated. 

In one preferred embodiment the electronic device 
associated with an explosives mass includes an electronic 
timer, the electronic timer is arranged to start on receipt of 
a "fire" command signal and at least part of the programme 
applied to the electronic timer is allowed to run before the 
electronic device extends a "fire" comnand signal to the 
detonator associated with the device. 

In one arrangement according to the invention the, or 
each, electronic device includes capacitor means, charged by 
electrical power applied to the common conductor and extended 
to the, or all, the electronic devices, and said capacitor 
means is discharged when the electrical device is to apply a 
"fire" camnand to its respective detonator. 
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In one embodiment the, or each, detonator comprise an 
electrical detonator and the electronic device associated with 
the detonator is arranged to extend an electrical signal to 
said detonator to initiate said detonator in accordance with 
the programne stored in said electronic device. 

In another embodiment the, or each, detonator is 
arranged to be detonated by a reaction front travelling along a 
detonation tube and the electronic device is arranged to 
initiate detonation of the detonation tube at the desired time 
in accordance with the programme stored in said device. 

In one preferred embodiment the arrangement is 
characterised by two detonator paths between the, or each, 
electronic device and its respective detonator, and a second 
one of said paths is arranged to extend a fire consnand to the 
detonator a predeterminded time after the first said path. 

Preferably the electronic device is arranged to apply 
a "fire" command signal to the detonator via said second path a 
predetermined time after the electronic device applies a "fire" 
command signal to the first said path. 

In one embodiment the second one of said paths 
includes a pyrotechnic delay device. 

Ill one such embodiment a "fire" command signal is 
applied to the second said path before the "fire" conmand 
signal is applied to the first said path and the delay in 
applying the "fire" connand signal to the first path is 
substantially equal to the delay time of the pyrotechnic 
device, whereupon each detonator receives detonation signals 
simultaneously from both paths. 

In another embodiment the, or each, explosive mass has 
two detonators associated therewith, the arrangement in c ludes a 
detonation path individual to each detonator and the electronic 
device associated with the respective explosive mass is 
arranged to apply a "fire" command to each said path to cause 
the detonators to detonate in accordance with the pre^set 
programne stored in the electronic device. 



Die invention will now be described further by way of 
example with reference to the accompanying drawings in which; 



Fig. 1 



shows , diagrammatically, one Arrangement 
for effecting detonation of an explosive 
mass in accordance with the invention, 



Fig. 2 



shows , dlflgramnatinany, an arrangement for 
effecting detonation of a plurality of 
explosive masses in accordance with the 
invention f and 



Fig. 3 



shows, diagramnatically , a further 
embodiment in accordance with the 



invention. 



In the embodiment illustrated in Fig. 1 an electrical 
supply source 11 extends electrical signals via a conductor 
means 12 to an electronic control device 13 and the device 13 
is arranged to transmit detonation signals via a connection 14 
to a detonator 15 for affecting detonation of an explosive mass 
M. The electronic control device 13 has an identification code 
individual thereto stored in a first memory, diagramnatically 
indicated by numeral 13a, and the device 13 blocks electrical 
signal transmissions thereto other than those transmissions 
prefixed by the identification code. 

On receipt of signals indicative of its identification 
code the memory 13a allows subsequent signals to pass to a 
memory 13b, whereby instruction signals are stored in memory 
13b and the memory 13b controls the detonation of the detonator 
15 subsequent to receipt of a "fire" signal extended to the 
device 13 via the conductor 12. 

When one function of the electronic control device 13 
Is to delay the detonation of the detonator 15 for a 
predetermined time after the device 13 has received the "fire" 



command signal, via the conductor means 12, the device 13 
conveniently inrl Tides electronic timer 13c, which can be pre- 
set by instruction signals applied to the conductor means 12, 
following the identification code, and the timer 13c can be 
thereby set to run for a predetermined time period. 

The device 13 also includes capacitor means 13d, 
arranged to be charged by electrical signals passed through the 
memory 13_a from the conductor means 12, or by signals which by- 
pass the identification code memory, and the electronic timer 
13c will <™*inrip connections to discharge the capacitor means 
13d to the connection 14 when the predetermined time set for 
the timer 13c has run out. 

The device 13 further includes circuit testing and 
transmitting means 13e> the testing circuit of means 13e being 
arranged to apply circuit testing signals to the detonator 15 
and* to transmit data relating to the efficiency of the circuit 
downstream of the device 13e back through the conductor 12 to a 
signal receiving device 16 associated with the electrical 
supply source 11* The said signal receiving device 16 includes 
an alarm 17 which is activated by the signal receiving device 
when the signals received from the testing circuit 13e Indicate 
a fault in the circuitry downstream of said device 13e. 

In one mode of operation for the arrangement described 
thus far the identification code transmitted to the device 13, 
via the conductor means 12, allows the memory 13b to be 
addressed and to receive a desired programme for the detonation 
of detonator 15. The memory 13b presets the time period for 
the electronic timer to run and prepares to activate the test 
circuit 13e. 

When the desired programme has been entered into the 
memory 13b further signals from the electrical supply source 
11, applied to conductor means 12 and preceding by the 
identification code for the device 13 are applied to charge the 
capacitor means 13d. 

At any time the testing circuit and transmitting means 
13e can be addressed by signals from conductor means 12 and, on 



being addressed, the means 13e will apply an inspection signal 
to the circuit downstream of device 13 and to the capacitor 
means 13d, and the result of the inspection will be transmitted 
by the means 13e to the signal receiving device 16. 

In the event that a fault has developed in the circuit 
between the signal transmission means U and the device. 12 no 
inspection signal from the means 13e will be received, clearly 
indicating that a fault has occurred in the electrical circuit 
upstream of the device 13 and such a fault will be indicated by 
an alarm activated by the device 16. In the event that a fault 
has developed in the ignition system downstream of the test 
circuit 13e the fault will be recognised by the device 16 and 
an alarm, preferably an alarm identifiable as an alarm 
indicating a fault downstream of the device 13, will be 
initiated, and further signals from the device 13e to the 
device 16 will indicate the state of charging of the capacitor 
means 13d. 

the memory 13b can also be addressed by signals an 
conductor means 12 and on receipt of an inspection signal, the 
programme stored by the memory 13b is transmitted to the signal 
receiving device 16 where said programme cad be compared to a 
stored programme in device 16 to ensure that the programme 
stored in memory 13b is the desired programme. 

Thus Immediately prior to applying a "fire" signal to 
the conductor means 12, the circuit upstream of the device 13 
and the circuit downstream of the device 13 can be checked, the 
condition of the capacitor can be checked and the "fire" signal 
will only be applied when the inspection results are positive 
to ensure detonation of the detonator 15. 

To effect detonation a "fire" command signal is 
applied to the device 13 from supply source 11 via conductor 
means 12, the "fire" command signal may be preceded by the 
Identification code for the device 13 or be applied in such a 
manner as to by-pass the identification code whereupon a "fire" 
command signal may be applied simultaneously to a plurality of 
devices 13 served by the same conductor means 13. On receipt 



of the "fixe'* command signal the timer 13c is initiated and 
when the delay period set by timer 13c has expired the timer 
13c applies a signal to the capacitor means 13d to cause said 
moann 13d to discharge, thus to effect detonation of the 
detonator 15. 

In another mode of operation the signals applied to 
the conductor 12 to effect charging of the capacitor means 13d 
may differ from the instruction signals applied between the 
device 11 and the device 13, by way of example the capacitor 
cnqrgfng signals may be at a different frequency or may be 
modulated in same way, or the circuit may be altered from that 
illustrated, to allow the capacitor means 13d to be charged 
without addr essing the identification code memory 13a, thus to 
allow a plurality of capacitor means 13d, for different devices 
13, to be charged simultaneously. 

In the example illustrated in Fig. 2 a conductor 21, 
extends electrical signals from a power source 22 to locations 
adjacent to each of two explosive mass ML, M2 to be detonated. 
Electrical power is extended from said common conductor 21 to 
two electronic control devices 23, 24 via connecting lines 21a 
and 21b respectively, the electronic control device 23 is to 
be associated with the detonation of explosive mass HI and the 
electronic control device 24 is associated with the detonation 
of the explosive mass M2. 

The electrical connecting lines 21a and 21b may be 
connected to the conductor 21 by any conventional electrical 
coffliP^ti-f-ng means but, preferably, said connecting lines 21a and 
21b connect to the conductor 21 via induction connectors 21c 
and 21d respectively. 

The electronic control device 23 includes an 
identification code memory 23a upon which an identification 
code individual to the device 23 is entered before the device 
23 is inserted into the arrangement. 

The electronic delay device 23 further includes an 
electronic delay circuit, identified by nu mer al 23b, and a 
capacitor 23c. The capacitor 23c, when discharged, is 
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arranged to generate a spark across two electrodes 25, 26, 
entered into one end of a detonation tube 27 which is slipped 
over the electrodes 25, 26 and thus a spark generated across 
electrodes 25 and 26 causes a reaction of the explosive lining 
of the tube 27 to effect detonation of a detonator 28 for the 
explosive mass ML. 

In like manner, the electronic device 24 includes an 
identification code memory 24a, upon which an identification 
code individual to the device 24 is entered, before the device 
24 is inserted into the arrangement, an electronic delay 
circuit, identified by numeral 24b, and a capacitor 24c. 
Die capacitor means 24c, when discharged, is arranged to 
generate a spark across two electrodes 29, 30, entered into one 
end of a detonation tube 31, which is slipped over the 
electrodes 29,30, and thus the spark generated across 
electrodes 29 and 30 causes a reaction of the explosive lining 
of the tube 31 to effect detonation of a detonator 32 for the 
explosive mass M2. 

Hie electronic control devices 23 and 24 may include 
any known components for receiving a signal and delaying the 
transmission of said signal and the said electronic devices 23 
and 24 are identical and are individually programmable so that 
the two devices 23 t 24 can be programmed to effect a delay time 
individual to their respective delay circuit 23b or 24b. 

In operation, power from the electrical supply source 
22 is extended to the electronic arrangements 23 and 24 to 
cause the respective capacitors 23c and 24c to be fully charged 
and discharge of the capacitors 23c and 24c is blocked by the 
electronic circuits 23b, 24b respectively. 

To fire the arrangement a fire command signal is 
applied by to the common electrical supply source 22 and the 
firing pulse is extended by the lines 21a, and 21b 
simultaneously to the electronic devices 23 and 24. 
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The n fire" command signal by-passes the identification 
code memories 23a and 24a and is received by the electronic 
delay cir cuits 23b and 24b and the preset delay times start to 
run* 

The time delay set for the delay circuit 23b is less 
than that for the delay circuit 23b and, on the preset delay 
for delay circuit 23|b expiring, the capacitor 23c discharges to 
generate a spark across the electrodes 25 and 26 to cause the 
detonation tube 27 to detonate and thereby apply a detonation 
pulse to the detonator 28 to cause said detonator 28 to 
detonate the mass of explosives Ml. 

In identical manner the electronic delay circuit 
24b, on receiving the fire command signal, runs for its preset 
time before allowing capacitor 24c to discharge, to generate a 
spark across the electrodes 2$ and 30 and thereby effect 
detonation of the detonation tubing 31 to cause detonation of 
the detonator 32 for the explosive mass M2. 

Because the electronic delay circuits 23b, 24b can be 
accurately set the ground resonance frequency can be measured 
prior to presetting the delay arrangements and the delay set 
for said timing circuits can be such as to dampen the ground 
vibrations caused by the detonation of explosive mass Ml* 

It -will be appreciated that the control devices 23 and 
24 may further include the means for testing the circuits 
downstream of said devices, for testing the charge in the 
capacitor 23c and 24c and for signalling the results of said 
inspections back to a receiving device, similar to the 
arrangement described for lig. 1, 

In the embodiment illustrated in Fig. 3 a common power 
supply source 50 is extended via conductor 51 and an electronic 
control device 52 is linked to the conductor 51 by a 
connection line 53, which connects with the conductor 51 
through a snap-on induction connector 54 « The snap-on connector 
54 may include pins arranged to penetrate the insulation on 
Unp 51, whereby to make direct contact with the electrical 
conductor (s) of line 51, or said snap-on connector 54 may 
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include a coil into which current is induced by the .electro^ 
magnetic field generated by the line 51. 

The electronic device 52 include a transformer 55, 
powered by the current flow from the conductor 51 and 
connection 53, and which transformer 55 drives an electronic 
delay circuit 56 and charges two capacitors 57 and 58 within 
the electronic device 52. 

The electronic delay circuit 56 includes a 
programmable chip 56ja, which is arranged to receive and store 
an identification code individual thereto before the electronic 
delay arrangement 56 is inserted into a detonation system. 
When the electronic device 52 is inserted into a detonation 
system, as shown in Fig. 3, the chip 56a can be addressed by 
its identification code, via signals on the conductor 51 and 
connection 53 and a desired delay time individual to that chip 
56a can be stored on the chip 56a. 

When the electronic device 52 is arranged as shown in 
Fig. 3, and the chip 56a has been supplied with the desired 
time delay information from said common line 51, electrical 
power extended to transformer 55 from line 51, causes the 
capacitors 57 and 58 to be charged thereby but the said 
capacitors 57 and 58 are held against discharge by the 
electronic delay circuit 56 until a fire command signal is 
received by the delay circuit 56 from line 51 and the delay 
time programme stored in the chip 56a has expired, when the 
blocks on capacitors 57 and 58 are removed and the said 
capacitors 57 and 58 discharge. 

The capacitor 57, on discharge, generates a spark 
across two electrodes 59 and 60, which project from the casing 
for the electronic device 52. A length of detonation tube 61 
has one end slipped over both electrodes 59 and 60 and 
whereupon, on discharge of capacitor 57, the spark generated 
across electrodes 59 and 60 cause the detonation lining 
material in the tube 61 to react, from that end adjacent the 
electrodes 59 and 60 towards the end of tube 61 remote from 
electrodes 59 and 60. 
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The end of tube 61 remote from: electrodes 59 and 60 is 
open to a pyrotechnic delay device 62 for a detonator 63 and 
thus, when the detonation tube 61 is reacted, the pyrotechnic 
device is fired and, after a measured period of time determined 
by the burn delay of the pyrotechnic delay device, effects 
detonation of the ctetonator 63. 

The capacitor 58, on discharge, generates a spark 
across two electrodes 64 and 65, protruding from the casing for 
the electronic device 52. A second length of detonation tubing 
66 has one end slipped over the electrodes 64 and 65 and its 
other end open to the detonator 63 thereupon, on reaction of 
the detonation tube 66, the reaction wave therefrom directly 
effects detonation of the detonator 63. 

Whilst the two detonation tubes 61 and 66 may remain 
free between their connections with electronic device 52 and. 
the detonator 63 the said two detonation tubes 61 and 66 are 
preferably contained within a common sleeve or casing 67 to 
protect the said tubes 61 and 66 against accidental damage. 

It will be seen that with the above described 
arrangement, wherein both condensers 57 and 58 discharge 
simultaneously, the capacitor 58, electrodes 64, 65, and 
detonation tube 66 constitute the first detonation path for 
detonator 63 and the capacitor 57, electrodes 59 and 60, 
detonation tube 61 and the pyrotechnic delay device 62 
constitute a secondary or back-up path for detonator 63 and 
whereupon, if detonator 63 should fail to detonate on receipt 
of the reaction wave from detonation tube 66, the second 
detonation path will ensure detonation of the detonator 63. 

In another arrangement the chip 56a may be programmed 
with two time delays, whereupon the capacitor 57 is discharged 
when the first time delay has expired and the capacitor 58 is 
discharged after the second time delay stored on the chip 56a. 
Thus, by this means, if the second time delay stored on the 
chip 56 is equal to the time delay of the pyrotechnic delay 
device 62 the reaction wave down the detonation tube 66 will 
act on the detonator 63 at the same time as the pyrotechnic 



delay device 62 acts thereon, again to ensure detonation of the 
detonator 63. 

In another arrangement the second delay stored on the 
chip 56a nay delay discharge of the capacitor 58 until after 
the time period delay afforded by the pyrotechnic delay device 
62, whereupon the capacitor 58, electrode 64 , 65, and 
detonation tube 66 constitute the second, or back-up, 
detonation path for the detonator 63. 

In practise, the conductor 51 may have any number of 
electronic control devices 52 applied thereto, each of the 
electronic delay arrangements 52 will have its individual 
identification code pre-programmed thereinto and whereupon the 
desired delay for each electronic delay arrangement 52 can be 
supplied and stored on the respective chips 56a by signals on 
conductor 51. 

The electronic control devices 52 are preferably so 
spaced from the masses of explosive material to be detonated as 
to be safe from blast effects, falling debris and' ground 
shocks, so as to be recoverable and reusable and, after use, 
the chips 56a can be wiped clean of information ready to 
receive a new identification code for use in a new detonation 
system. 

Once again the arrangement illustrated in pig. 3 may 
include means for checking the stored programme of each device 
52, and means for checking and signalling the condition of the 
capacitors 57 and 58, in similar maimer to that described with 

* 

respect of the arrangement illustrated in Pig. 1, 

It is veil know in the art to use two detonators for 
each explosive mass, generally applied one to the top and one 
to the bottom of the explosive mass, so that if one detonator 
should fail the explosive mass will be detonated by the second 
detonator and this practise of using two detonators for each 
explosive mass can be readily incorporated into the 
arrangements proposed by the present invention. 

Thus, by way of example, two arrangements- as described 
and illustrated in Fig. I each arrangement having its own 
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connection to conductor 51, and being arranged to detonate its 
own detonator may be provided for each explosive mass. 

In another embodiment the capacitor means 13d may 
i nc l u d e two capacitors, each being linked via its own 
connection 14 to a detonator individual thereto, and whereupon 
when the delay timer has run out both capacitors discharge to 
detonate their respective detonators. 

In similar maimer the arrangement described with 
respect to Fig, 3 may be duplicated to effect detonation of 
two * spaced apart detonators associated with a common explosive 
mass. 



CLAIMS 



1. An arrangement for effecting detonation of a mass of 
explosives material comprising an electrical supply source and 
conductor means for conducting electrical signals from said 
supply source to a detonator, characterised by a progranmable 
electronic device in the electrical path between said 
electrical supply source and said detonator, said progranmable 
electronic device being adapted to receive and to store a 
programme relating to the desired detonation of the explosive 
mass, and means for applying a signal to the electronic device 
to initiate the desired stored progranme. 

2. An arrangement for effecting the controlled detonation 
of a plurali ty of explosives masses comprising a detonator 
individual to each explosive mass, an electrical signal supply 
source arranged to transmit electrical signals to a conductor 
means common to all said detonators, an electrical path 
individual to each detonator extending to said common conductor 
means and a programmable electronic device between each 
detonator and said common conductor means, and wherein each 
said programmable electronic device is arranged to receive and 
to store a programme relating to the desired detonation of the 
explosive mass associated therewith, and means are provided for 
applying a signal to the common conductor means to initiate the 
desired stored programmes of the electronic devices. 
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3* An arrangement according to claims 1 or 2, 

characterised in that the, or each, programmable electronic 
device is arranged to have a desired programme applied thereto 
before the device is inserted into the arrangement. 

4. An arrangement according to claims 1, 2 or 3, 
characterised in that the, or each, programmable electronic 
device is arranged to receive and store programme information 
after being inserted into the arrangement, 

5. An arrangement according to claim 4, characterised in 
that the, or each, programmable electronic device is arrange to 
be programmed via electrical signals applied to the said common 
conductor means by said electrical supply source, 

6» An arrangement according to any one of the preceding 

claims characterised in that the, or each, electronic device is 
arranged to receive and and store an identification code 
individual thereto. 

7 * An arrangement according to any one of the preceding 

claims characterised in that the, or each, electronic device 
includes means for transmitting signals to a signal receiving 
apparatus via said conductor means. 

8 « An arrangement according to any one of the preceding 

claims characterised in that the, or each, electronic device is 
arranged to transmit information stored therein to said signal 
receiving apparatus on receipt of a conmand signal from said 
electrical supply source and said signal receiving apparatus is 
adapted to compare the information received from the electronic 
device with a desired predetermined progranme stored by said 
signal receiving apparatus and Individual to the transmitting 
electronic device. 

9. An arrangement according to any one of the preceding 

claims characterised in that the, or each, electronic device 
Includps means for testing the electrical circuit downstream 
from said electronic device and, on receipt of a command signal 
from said electrical supply source, to transmit data relating 
to the said electrical circuit to said signal receiving 
apparatus. 
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10. An arrangement according to claim 9, characterised in 

that the said signal receiving apparatus includes alarm means 
arranged to be activated when the information relating to an 
electrical circuit between an electronic device and its 
associated detonator is indicative of a fault in said circuit. 
U. An arrangement for effecting detonation of a plurality 
of explosive masses according to claim 2 or claims 3 to 10 
inclusive when dependant on claim 2, characterised in that each 
said electronic device has an identification code applied 
thereto before the device is inserted into the circuit, each 
device when inserted into the circuit is arranged to receive 
and store information relating to the detonation of the 
explosive mass associated therewith only when said information 
is preceded by the identification code for that device and all 
the electronic devices are arranged to initiate their 
respective programmes when a "fire" signal is applied by said 
electrical supply source to said common conductor means. 

12. An arrangement for effecting detonation of a plurality 
Of explosives masses according to claim 11 characterised in 
that the -fire" signal applied to said common conductor means 
is arranged to override or by-pass the identification code for 
each electronic device whereupon, on transmission of the fire 
command signal, the programmes for all the electronic devices 
are activated simultaneously. 

13. An arrangement for effecting detonation of a mass of 
explosive material according to any on of the preceding claims, 
characterised in that the electronic device associated with the 
explosives mass includes an electronic timer, the electronic 
timer is arranged to start on receipt of a "fire" command 
signal and at least part of the programme applied to the 
electronic timer is allowed to run before the electronic device 
extends a "fire" command signal to the detonator associated 
with the device. 
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14. An arrangement according to any one of the preceding 
claim s characterised in that the, or each, electronic device 
includes capacitor means, charged by electrical power applied 
to the common conductor and extended to the, or all, the 
electronic devices, and said capacitor means is discharged when 
the electrical device is to apply a "fire" command for its 
respective detonator. 

15. An. arrangement according to any one of the preceding 
claims wherein the, or each, detonator comprise an electrical 
detonator and the electronic device associated with the 
detonator is arranged to extend an electrical signal to said 
detonator to initiate said detonator in accordance with the 
programme stored in said electronic device. 

16. An arrangement according to any one of claims 1 to 15 
inclusive, therein the, or each, detonator is arranged to be 
detonated by a reaction front travelling along a detonation 
tube and the electronic device is arranged to initiate 
detonation of the detonation tube at the desired, time in 
accordance with the progranroe stored in said device. 

17 r An arrangement according to any one of the preceding 
claims characterised by two detonation paths between' the, or 
each, electronic device and its respective detonator, a second 
one of said paths being arranged to extend a fire command to 
the detonator a predetermined time after the first said path. 

18. An arrangement according to claim 17, characterised 
in that the second one of said paths includes a .pyrotechnic 
delay device. 

19. An arrangement according to claim 17 or 18 
characterised in that a "fire" command signal is applied to the 
second said path before the "fire" command signal is applied to 
the first said path and the delay in applying the "fire" 
conmand signal to the first path is substantially equal to the 
delay time of the pyrotechnic device, whereupon both detonators 
are detonated substantially simultaneously. 
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20. An arrangement according to any one of the preceding 
claims characterised in that the, or each, explosive mass has 
two detonators associated therewith the arrangement includes a 
detonation path individual to each detonator and the electronic 
device associated with the respective explosive mass is 
arranged to apply a "fire" command to each said path to cause 
the detonators to detonate in accordance with the pre-set 
programme stored in the electronic device. 

21. An arrangement for effecting detonation of a mass of 
explosives material substantially as hereinbefore described 
with reference to and as illustrated in the accompanying 
drawings. 
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